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Biological Criteria for Fish and InvertebrateBiological Criteria for Fish and Invertebrate
Assemblages were not met in segments ofAssemblages were not met in segments of
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Channelization

Altered Stream
 Morphology:

Decreased diversity of
flow and depth,

Increased stream flow,
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Decreased wood debris
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Conceptual Model

Candidate Causes
Channelization
PAH contamination
Metal contamination
Low DO / High BOD
Nutrient Enrichment
Ammonia Toxicity
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CHARACTERIZE CAUSES

ANALYZE EVIDENCE

LIST CANDIDATE CAUSES

Identify/
Apportion
Sources

Biological Condition Restored or Protected

MANAGEMENT ACTION:
Eliminate or Control Causes;

Monitor Results

Stressor Identification

Candidate Causes Remaining
After Elimination

Candidate Causes Remaining
After Elimination

Impairment A:
Spatial
Co-Occurrence

Impairment C:
Biological
Gradient

Impairment
B:
Plausibility -
Mechanism

Strength of Evidence Analysis

RM 7.9 A RM 6.5 B RM 5.8 C

Channelization Yes No No

Metal Contamination Yes Yes Yes

PAH Contamination No Yes No

Low DO/BOD No Uncertain No

Ammonia No No Yes

Nutrient Enrichment No No Yes

List of Candidate Causes

Eliminate Causes

Repeat
Scenario

Formulation

How Many
Remaining?

Causes Subject to
Diagnosis?

Diagnostic
Analysis

Strength of
Evidence
Analysis

Description of Cause
and Confidence

Sufficient
Confidence?

Report Results

Reconsider
Effects

Effects
Real?

Collect
More
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Cause(s)
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Zero
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One

No

Yes

No

More than One
or Unclear

No

No
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Causal
Evidence

Causal
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Causal
Evidence

Probable Causes of Impairment
Impairment A: Channelization - a syndrome of multiple

stressors including siltation, low dissolved oxygen,
and altered energy source. Metals are unlikely.

Impairment B: Polyaromatic hydrocarbon (PAH)Polyaromatic hydrocarbon (PAH) contamination
is sufficient to cause all impairments. Metal
contamination and low dissolved oxygen may be
masked by PAH.

Impairment C: Nutrient enrichmentNutrient enrichment alone is sufficient to cause
impairment. Ammonia may alse be efficient.
Metal contamination may be masked and become
evident when nutrient/ammonia is reduced.

Probable Causes of Impairment
Impairment A: Channelization - a syndrome of multiple

stressors including siltation, low dissolved oxygen,
and altered energy source. Metals are unlikely.

Impairment B: Polyaromatic hydrocarbon (PAH) contamination
is sufficient to cause all impairments. Metal
contamination and low dissolved oxygen may be
masked by PAH.

Impairment C: Nutrient enrichment alone is sufficient to cause
impairment. Ammonia may alse be efficient.
Metal contamination may be masked and become
evident when nutrient/ammonia is reduced.

Candidate Causes
Channelization
PAH contamination
Metal contamination
Low DO / High BOD
Nutrient Enrichment
Ammonia Toxicity

Channelization Metal Contamination RM 7.9

Impairment A

Co-occurrence The entire Little Scioto is channelized at below RM 7.9. The degree of channelization remains
about the same. The upstream reference is not channelized and is not impaired (meets Ohio
WWH criteria for both fish and invertebrates)

+ Generally, no metals were abruptly elevated at RM 7.9. IBI and ICI shifts at RM
7.9.

0

Consistency of
Association

Consistency appears to be low: Channelization riffle, substrate, and riparian metrics remains
about the same throughout the study area, but the community changes as do potential stressors.

NE Fish and invertebrate pattern of metrics very different at 7.9 lowest metal
concentration and at 4.4 highest metal concentration, but other stressors
confounding.

-

Plausibility: Mechanism Channelization can alter biological communities by changing the physical structure of the stream
and the flow characteristics of the water.

+ Metals usually cause decrease in size of fish not an increase as seen at RM 7.9. -

Plausibility: Stressor-
Response

No stressor-response relationships relating the degree of channelization and community response
are available. Generally believed to be an all or none situation affected by the spatial extent of
the channelization. At onset of channelization, the decrease in IBI and ICI is large.

+ No metals exceeded ERM in 1987, 1992 or 1998 at RM 7.9. -

PAH Contamination Metal Contamination RM 6.5

Impairment B

Consistency of
Association

Patterns of fish communities seen at RM 6.5 through 0.4 are
somewhat similar. Invert community varies.

NE Similar fish at RM 6.5 - 0.4; invert different. -

Plausibility: Mechanism Consistency appears to be low: Channelization riffle, substrate,
and riparian metrics remains about the same throughout the study
area, but the community changes as do potential stressors.

++ Fish and invertebrate pattern of metrics very
different at 7.9 lowest metal concentration
and at 4.4 highest metal concentration, but
other stressors confounding.

+

Plausibility: Stressor-
Response

The H. azteca ERM is exceeded for benzo[a]pyrene and
naphthalene. The ERLs for H. azteca and C. riparius were both
exceeded for benzo[a]pyrene. The ERM for C. riparius was
exceeded for naphthalene. PAHs were present in the sediment,
and bottom-feeding fish are typically exposed to sediment
contaminants. Exposure criteria were exceeded at all sites
downstream from RM 6.5. Increase in DELT anomalies large.

+++ Only lead exceeded ERM in 1992. +

Consistency of
Association

IBI and ICI values below 30 are associated with PAHs that
exceed exposure criteria. IBI and ICI are known to be depressed
even when habitat quality is high (Cormier, et al. 2000).

+++ Metals usually cause acute lethality rather
than surface lesions seen at 6.5.

+

Low Dissolved Oxygen/ High Biological
Oxygen Demand

DO and BOD concentrations do not appear to be
consistently related to the pattern of community
change. DO is not lowest when BOD is high,
suggesting that other factors influencing DO levels.

-

DO can cause declines in both fish and benthic
macroinvertebrates. There is no known link between
DO and DELT anomalies.

+

DO was below Ohio's Modified Warmwater Habitat
(MWH) criteria at RM 7.9 and 6.5 in 1987.

+

Data on community patterns associated with DO at
these concentrations were not sought.

NE

Metal Contamination Ammonia

Impairment C

Biological Gradient From RM 5.8 to RM 0.4, at least one of the metals is
correlated with one of the biological responses,
except for # of fish species.

+ Ammonia concentrations are highly correlated with IBI,
fish biomass, and % Cricotopus. Although the decrease in
the IBI and ICI is slight, the change in the Tanytarsini
midges and % Cricotopus is striking where ammonia first
becomes elevated.

+++

Strength of
Association

At the RM 5.8 relative weights decreases and DELT
increases.

+ Although the decrease in the IBI and ICI is slight, the
change in the Tanytarsini midges and % Cricotopus is
striking where ammonia first becomes elevated.

+

Plausibility:
Mechanism

Metals are known to be toxic, and elevated
concentrations are associated with biological
impairment. There is little information on the
relationship between metals and the specific
biological responses (e.g., DELT anomalies, %
Cricotopus % Tanytarsini) seen.

+ Ammonia toxicity is plausible for both fish and benthic
macroinvertebrates.

++

Plausibility:
Stressor-Response

No metal exceeded ERMS - Ammonia concentrations are in a plausible range to cause
toxic effects especially on warm, sunny days. EPA chronic
criteria exceeded for ammonia.

+++

Nutrient Enrichment

From RM 5.8 to 0.4, nitrate-nitrite and phosphorus
concentrations correlate with the decline in Tanytarsini midges
and the ICI. In addition, phosphorus is correlated with DELT
anomalies, and increaesed nitrogen is correlated with increase in
the number of individuals. Although the decrease in the IBI and
ICI is slight, the change in the Tanytarsini midges and %
Cricotopus is striking when nutrients become elevated.

++

Although the decrease in the IBI and ICI is slight, the change in
the Tanytarsini midges and % Cricotopus is striking when
nutrients become elevated.

+

Increased nutrients are known to change community structure.
DELT anomalies increase in enriched streams because of
microbial or fungal infection. % Cricotopus has been linked more
with toxic substances.

+

Nutrient criteria are proposed for Ohio and were exceeded at
RM 5.8 through RM 0.4 for both nitrate-nitrite and phosphorus.
At RM 5.8 Nitrogen criteria was five times the criteria value
and more than seven times the phosphorus value. Very high %
of DELT anomalies reflects ease of detecting external lesions
such as fish erosions and ulcers. Corresponds with patterns
associated with high DELT anomalies and nutrients (OEPA,
1999).

+++

Consistency of
Association

Tanytarsini midges disappear entirely. However %
Cricotopus, thought to be indicative of toxic
substances, show a strong response at Impairment
C. Metals usually cause acute lethality rather than
the type of surface lesions seen at RM 5.8.

+ The pattern of low numbers of individuals and low relative
weights is consistent with toxic effect. Very high DELT
anomalies reflect ease of detecting external lesions such as
fin erosion and ulcers which are consistent with high NH4
levels. Tanytarsini midges disappear entirely. In addition,
% Cricotopus thought to be indicative of toxic substances,
and show a strong response at Impairment C.

++ Data on community patterns associated with nutrients at these
concentrations are correlated with low IBI and ICI scores (Ohio
EPA Technical Bulletin MAS/1999 1-1). High levels of nitrogen is
usually associated with WWTP or point sources. High levels of
fin erosion are reported with high nutrient loadings.

+++
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